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Teleco mmunicatiQn.s Sy sfpnig 

The present invention relates to telecoimnunications systems such as telephone networks 
comprising a plurality of interconnected telephone exchanges and communication there- 
5 between. 

Conventional telephone networks are ftilly-meshed in that each trunk exchange has a direct 
connection to every other trunk exchange. Traffic levels in telephone networks are increasing, 
leading to a continued aeed to increase the capacity of such networks. To achieve this, 
10 exchanges need to be enlarged and new exchanges installed. In fuUy-meshed networks, a 
significant number of additional network interconnections are needed with each new exchange, 
leading to further increases in the number of ports needed per exchange. This results in less 
efficient networks with costs per unit of traffic increasing. 

15 By using the present invention it is possible to provide a more efficient and more easily 
configuirable network. 

The present invention provides a telecommunications system comprising one or more nodes 
and a plurality of telephone exchanges wherein two or more of the telephone exchanges are 
20 arranged to communicate with each other via the one or more nodes. 

In a preferred embodiment the communication via the one or more nodes is in the form of 
packets. 
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In a further embodiment the 



one or more nodes comprise routers. 



In a forther embodiment the present invention provides a telecommunications system wherein 
communication via the one or more routers uses internet protocol (IP). 

5 

The present invention also provides an adapter for providing the above telephone exchanges 
with a means of inter-communication of traffic via the one or more nodes wherein the adapter 
comprises means for converting the traffic between packetised and non-packetised form. 

10 Embodiments of the invention will now be described by way of example with reference to the 
drawings in which: 



Figure 1 shows in block diagram form a typical, conventional, large telecommunications 
network of the prior art; 

15 Figure 2 shows the network of Figure 1 with routers according to a first embodiment of the 
invention; 

Hgure 3 shows the network of Figure 1 with rauten. according to a second embodiment of the 
invention; 

Figure 4 shows in block diagram fonn a typical, conventional, small telecommunications 
20 networkof the prior art; 

Figure 5 shows the network of Figure 4 with routers according to a third embodiment of the 

invention; 

Figure 6 shows the network of Figure 1 partially upgraded with routers according to the first 



OS-n-98 10:29 ^OIWS 275469 

9S 11/P6 FRI 10:25 FAX OIZAJ^^SJ 



o 



p. 07 



R-058 Job-203 



GEC PATENT DEPT 



111007 



3 P/61683a.GBA 

embodiment of the invention; 

Figure 7 shows in block diagram form an adapter according to the present invention; 
Figure 8 shows a possible internal organisation of the adapter of Figure 7. 

5 Turning to Figure 1 a typical, conventional, large telephone network comprises a number of 
local exchanges L interconnected via trunk exchanges T. Each local exchange L is comiected 
to two (or more) trunk exchanges T. which are fully-meshed. Tn current networks this fully, 
meshed trunk interconnect typicaUy uses mainly PDH transmission. 



10 Figure 2 shows the typical, large network of Figure 1 after trunk upgrade according to a first 
embodiment of the invention. In this embodiment two routers R are shown, although the 
number may vary in practice. Each router R is connected to every trunk exchange T. Rather 
than a large number of low bandwidth connections, the trunk interconnect now consists of a 
few high bandwidth connections. 

IS 

Figure 3 shows the typical, large network after local upgrade. With the addition of some 
simple multiplexers M. all the local exchanges are direcUy connected to the routers R. The 
trunk exchanges (not shown) may still be used to provide regional interconnect and 
interconnection to non- upgraded exchanges and other networks. 

20 

Figure 4 shows a typical smaller network. The ..maUer network has tandems N rather than 
trunk exchanges, which may have a few customers directly comiected. Each local exchange 
L is connected to several (possibly aU) taridems N. there is no interconnection of the tandems. 
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Figure 5 shows the typical. smaUer network of Figure 4 after being upgraded aceording to a 
third embodin^nt of the invendon. Routers R are installed, similar to those used to upgrade 
the large network, interconnecdng the local exchanges L. through multiplexers M. The old 
tandems can then be reused, for example, as local exchanges and points of interconnect to other 
5 networks. 

The routers R can be instaUed as a trunk network replacement piecemeal. Figure 6 shows the 
large network of Figure 1 partially upgraded. Here traffic is earned by a mixture of the old 
tnink interconnect and new routers R. A number of trunk exchanges T have connection to the 

10 'outers Rand are able to communicate with othe,^ so connected via the routei^. However not 
all trunk exchanges T are connected to the routers R at this stage and the old trunk interconnea 
is stiU used for communication between exchanges not connected to the routers R and for 
communication between each such exchange and each of the exchanges comiected to the 
routers R. The number of routers R can be upgraded from one to four or more as further 

IS exchanges are connected. 

m this way the routers may be extended to eventually connect all existing trunk exchanges. 

It may be desirable to move some of the existing transmission over to the router network, to 
20 take advantage of the greater efficiency of the routers R compared widi the existing meshed 
PDH, and to overcome a shortage of physical ports on the conventional switches. 



Each exchange requires routing data containing information on the 



way the exchanges are 
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interconnected within the telecommumcations systexxx. Every tin^ an exchange gets comxected 
to the routers R, aU the other exchanges that have already been connected to the routers will 
need to have new n.utes set up for communication with the newly connected exchange. Re- 
configuring exchanges in this way every time another exchange is connected via the routers 
5 is expensive. A preferred solution is for routing data relating to all exchanges to be loaded 
into each exchange as it is connected to the routers, but only to enable data relating to routes 
to those exchanges that have already been so connected. 



@I009 



Hence the implementation of the present invention simpUfies the data requirements in 
10 exchanges. Oninstallation. every exchange (tr^nk or local) can have exactly the same network 
data loaded. This data can be pie-prepared for the whole network with the data for the 
exchanges comiected to the routers being enabled as the network is enhanced This data 
includes the network part of the digit decode, which is needed to determine the exchange to 
handle the call, and the route to be used. The same route number can be used for all exchanges 
15 to get to the same far-end exchange. The digit decode requirements of the exchanges would 
grow to support routing to aU local exchanges. 



The existing trunk exchanges, could still be used, e.g. as regional trunk exchanges (DJSUs), 
aUowing reduction or elimirmtion of sideways routes between local exchanges. If at any time 
20 these regional nnmk exchanges are overloaded, the traffic can be handled in the main trunk 
(router) network. 



Extension of the routers to direcUy interconnect local exchanges may be implemented once 
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there is a sufficiently developed provision of trunk routers to 



provide the interworldng. 



When expanded to comiect the local exchanges, enhancement may be necessary to caxty the 
.ignaUing dixecdy over the IP connection.. One way of intenvorking to local exchanges and 
5 other networks is to have simple interworking routers, which are effectively minimalist 
exchanges. These could be the existing tmnk exchanges. 

Tlie adapters may use ATM. IP. or virtuaUy any packet-based network. In many large-scale 
networks. IP is carried over ATM and a similar scheme could be used in the network of the 
10 invention, Alternatively IP could be earned over point-to-point protocol (PPP) over SDH or 
SONET, or any other appropriate interface. In the network of the invention, data is sent across 
the network to an address determined by the adapter. No call processing is necessary within 
the ATM, IP or equivalent packet networks. In effect the packet (e.g. ATM or IP) network 
foims a transport multiplex layer below that of the individual PSTN circuits. The packet (e.g. 
15 ATM or IP) network transport multiplex provides an alternative to the rigid PDH transmission 
network that is more flexible in the way it muldplexes ehamiels. ConceptuaUy the 
interconnected adapters may be thought of as providing a„ intermediate layer between the 
PSTN circuits on top and the transport multiplex underneath. 

20 When operating over an IP network, the adapter could use d.e same AAL2 multiplex structure 
that it would use over ATM or it could use similar multiplex structures to those used by VoIP. 



AAL2 has been designed to cany low rate, short length packets in delay 



sensitive applications 
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in a bandwidth efficient way. The AAL2 mulUplexes many separate low speed steams such 
as voice, data and signalling together on a single IP packet. AAL2 has been standardised in 
ITU-T 1.363.2. AAL2 is an efficient way of multiplexing low-speed circuits together and is 
suitable for use over IP in the network of the present invention. 



@011 



Voice traffic is given a high priority. This ensures that the delay variation would be well 
constrained, thus limiting the amount of additional buffering required to remove the effect of 
cell delay variation at the receiver. 



1 0 The use of VoIP over ATM to provide the interconnection of adapters over the PTO network 
essentially uses a subset of the general VoIP transport as performed by any conventional VoIP 
gateway. 



The proposed solution supports carrying voice as AALl or AAL2 in configurations to suit 
15 different networks at different stages of evolution. 

Voice may be carried across the network of the present invention in more than one way. 
Where the adapters communicate using IP native-mode, voice may be packetised in a simUar 
way to AAL2 for sending over the IP network, or packetised as voice over IP (VoIP). Voice 
20 over AAL2 may be implemented using the ITU-T 1.366.2 "AAL type 2 service specific 
convergence sub-layer for trunking" speech multiplexing and encoding principles. This is 
efficient and supports transition to low bit-rate coding schemes, transcoding, etc. 
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Fundament^ly the adapter worlcing over IP (IP adapter) functions in exactly the san,e v,ay a. 
the adapter working over ATM (ATM adapter). As there is no caU set up mechanism in the 
IP network, an adapter sending traffic over IP has to assume that the transmission capability 
it needs is always avaUable. As with the ATM adapter, there is a need to ensu^ that the IP 
5 voice traffic is given a high enough priority to enable an adequate quaUty of service to be 

achieved. In order not to adversely affect the quality of service seen by the PSTN network, the 
IP network delay for voice traffic must be relatively low. This means that the., must be a 
means to effectively prioritise voice traffic. The adapter needs to process voice traffic with 
a higher priority than data traffic in order to prevent unacceptable delay to voice traffic. 

10 

This may be achieved in a number of ways, for example if IP is earned via ATM where 
prioritising of voice traffic is supported. Operation over a private (totally-dedicated network) 
where voice traffic does not have to share the network with data traffic allows an adequate 
quality of service to be easily achieved by keeping delays to an acceptable level. 

15 

The invention may be implemented over IP nadve-mode which is capable of catrying some 
non-voice traffic but care is necessary to ensure that it does not affect the low delay 
requirements of the voice traffic. 



20 In order to minimise delay when using IP, the length of IP packets 



carrying voice may be 



shortened. However, as each packet contain., its own header bytes, this is wasteful of the 



network bandwidth due to the increased 



proportion of header information to usefijl data sent 



Advantageously a number of different 



circuits may be multiplexed into a single, large packet. 
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In this way delay is stUl reduced without increasing the proportion of header information to 
data sent. 



Use of AAL2 carrying a number of different channels multiplexed together can provide low 
5 delay (as in the case of short packets) wiUiout excessive amounts of header information. 

A single network according to the present invention could use ATM to provide ti^fic to a fii^t 
destination whilst at the same time using IP over ATM lo provide traffic to a different 
destination. Hence PSTN circuits could be carried across the PTO network using either ATM 
10 or IP over ATM on a route by route basis. In doing this a relationship is set up between 
individual PSTN circuits and routes acro.«;s the PTO network. 

Telephone caUs include traditional hand-set to hand-set calls but also calls initiated or 
answered by machine including computers. Such calls may contain voice and/or data from e.g. 
15 modems or facsimUe equipment Handling of such caUs include call set-up. routing and clear- 
down. No call handUng is required in the central routers. AU the call handling is handled in 
the PSTN, using existing protocols with all the existing features. 

To achieve network resiHence in the presence of equipment faUure, it is desirable to have at 
20 least two. and preferably more central nodes so that if one node fails the network would still 
be able to work via the other nodes. Here the term "node" is used to indicate a cro-ss-connect, 
router, or other suitable packet-based switch. In an EP based network this would require a 
plurality of truly mdependent IP routers which were geographically separated and 



I 
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independenfly contoDed a,Ki a^^^, xhcy would aiso need .„ be „.me„. again., 
unauthorised intrusion and hacking. 



Between each pair of exchanges in an IP based PTO network, a Logical Route would be 
5 estabUshed. that cotresponds to all the acUve calls between that pair of exchanges. This 
Logical Route is dynamic in namxe and the bandwidth of the Logical Route changes to match 
the changing demand as existing calls terminate and new caUs start. 

In a preferred embodiment of die present invention, each tunk/Jocal exchange has an STMl 

10 C155M) connection to each router, carrying one Logical Route per destination exchange. For 
most local exchanges these 155M connections can be shai^d between several exchanges, as 
defiled below. The Logical Route can grow or shrink as necessary: the total quantity of traffic 
is only limited by the capacity of the transmission to carry it, As d^ffic patterns change. 
Logical Routes may grow or shrink on a dynamic basis: no configuration is necessary. 



15 



The exchanges communicate using existing SS7 protocols, however there is an option (that is 
necessary when it is extended to local exchanges) to carry the MTP layer 3 over the Logical 
Route that comiects each exchange, thus eliminating the need for any other signalling 



hardware, 

20 



Further bandwidth savings may be aclueved if only active PSTN circuits (i.e. those carrying 
infonnation) are packeti.sed. This requires a busy/idle timeslot map to be carried in an end to 
end control channel using spare capacity within the IP Logical Routes. This technique allows 
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W 11 

*c napping „ be ^ ^ 

number GB 2276518 in the 



name of GPT Limited. Optional echo canceUation may also be 



provided. 



5 Optional signalling ^-^^ ^^TP) fUncdon u, handle SS7 signalling may be provided. 

Thi. fea^ „iU extract redundant dala (l^vel 2 in^rftame fill) from U« SS7 signalling 



Stream. 



Optional modem (fax) detection may be provided. Ix-w speed modems arc not bandwidth 
10 efficient. ^ particular, many connection., e.g. fax calls, are essentially unidirectional. This 
optional feature wiU detect such calls and convert the modem signals to baseband data for 
packetisation into IP. taking advantage of the fact that communication acros. IP can be 
asymmetric, Thus further bandwidth savings can be achieved. 

15 Although this has been described in elation to improved trunk networks, the present invention 
could also be deployed into many other fields for both public and private networks. 

Similarly the present invention has appUcation to leased lines within pubhc networks. Leased 
imes are often under-utilised, resulting in idle timeslots being carried across the network. The 
20 use of the present invention, will aUow the networic operator to only ^sport the active 
channels without degrading the service pre.sented to the end user. 



The present invention provides for straightforward enhancement 



to support traffic growth 
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wherein the majority of the routing data needed by the PTO exchanges is identical. Ttls 
allows operators to add to and evolve current networks a. and when enhancements to 
performance or capacity are required. 



5 ^^orinterfacingwithsourcesofnon-packetisedtrafficanadapterisprovided,seeR The 
adapter functions to convert traffic for sending to the routers into packets and to re-convert 
packets received ftom the n,„tcrs to u„^pack«tised form. In one embodiment the adapter 
provides interworking between a PSTN tnink (G.703/G.704) and an IP domain to allow IP to 
be used to provide an efficient and flexible interconnect between exchanges by using variable 
10 bandwidth Logical Routes. 

For interfacing with STM networks, the adapter provides interworking betweenIP andSTM, 
with preferably one adapter for each route via the routers. These adapters perform 
interworking between 2M bit/s PCM traffic and IP and also provide a means to connect 
15 Signalling direcUy With each ofthe other local exchanges. These adapters communicate wida 
each of the processor clusters as most of tlie signalling traffic passes through them. 



We now consider the adapter construction in more detail. Refening to Figure 8 by way of 
example, each adapter unit comprises a housing with a PSU. a common card and up to 4 PCM 
20 cards, although more could be added. Each PCM card could handle up to 16 PCMs, the 

common card has an STMl interface, an Ethernet interface and a controller for the PCM cards. 

Each exchange could typicaUy need 4 adapters in Ais embodiment and these could p^ferably 

be mounted two per shelf of the exchange. 
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The routei^ operate under PSTN control and provide no control processing themselves. 
Advantageously a sn.aU number of cross links are provided between the main routers, to 
provide some flexibiUty after major transmission network outages. These would only be 
brought into use when a pair of local exchanges have no common accessible trunk routers (a 
5 veiy rare occurrence). 



To conurol the routing and use of circuits, the exchange's call processing system (CPS), sends 
mapping information to the adapter function at the start and end of each caU. At the start of 
each call, the mapping message gives the association between the PCM circuit and the PSTN 
10 side with the route and circuit on the logical side. For ATM based PTO the route would be a 
VP or a VC. for IP based PTO the route would be Ihe Logical Route to the destination 
exchange, the mapping message may also indicate the type of caU, so that appropriate 
compression can be used. At the end of the caU the CPS function wiU send another message 
to cancel the mapping function. 

15 

A processor intercomtect handles the signalling traffic, the mapping messages from CPS and 
general management. A suitable interface to use here is Ethernet as it allows the interface to 
be fairly open for use on otiier platforms if necessary. 

20 The hardware of the PCM temrination could support both El and Tl or be dedicated to either 

data rate. 
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The adapters also exchange status infoimatipn with each other to ensure that each is 
operational and to exchange and pass on traffic-blocking information, Periodically and when 
necessary (for example because of a status change) each adapter should send a cell to each far 
end adapter. This ceU contains three elements: 



1 - The adapter receiver status (i.e. whether the adapter is happy widi what it is receiving 
from the far end adapters); 



2. A hold indication that, if set. should cause the far end adapter to stop the flow of 
1 0 traffic to that adapter; 



new 



3. Status information on the PCMs to the exchange (i.e. reflecting which PCM/circuits 
can be used). 

IS When an adapter receives a check cell, it reacts as foUows: 

1 . If the far is not happy, it should force clear all calls and hold that route busy (but stiU 
send its own check cells); 



20 



2. If the far end requests a hold, send a hold to the associated exchange; 

3. If the far end ceases to request a hold clear the condition (the adapter may delay 
reacting to a change of state to prevent the network oscillating); 
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If the far end has PCM failures, reflect these on to tlie alarm indication signal (AIS) 
of its transmitted PCMs. 



The Control protocol between the call processing and the adapter units is implemented as an 
5 appUcation programming interface (APD. This API covers the setting up and breaking down 
of switching associations, and optionally management (e.g. failure and configuration 

management). 

Management of the adapter includes managing the equipment, configuring it and handling any 
1 0 appropriate statistics. Management is preferably achieved through the exchange or. when the 
adapter is being used as a standalone device, a Simple Network Management Protocol (SNMP) 
interface would be appropriate for it to be managed by third party management systems. 
Alternatively a standalone adapter could be managed through the SDH, for example by using 
the Equipment Management Operations System (EMOS) particularly when the adapter i.s 
15 closely associated with transmission equipment. Thus, depending on where and how the 
adapter is being used, different management solutions are necessary. 

When the adapter is being used as standalone equipment, a SNMP management interface over 
the Ethernet control port will be appropriate. This wUl be controlled by a Managed 
20 Information Base (MIB) which should be published. The data model necessary for these 
applications may differ significantly depending upon the type of exchange used. Flexibility 
is essential to allow for the addition of functionality such as transcoding, packing algorithms 
and data rate change. When the adapter is deployed along with SDH transmission, it may be 



s 
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appropriac. to n^age it through EMOS and the rest of the SDH. This could be through an 
Ethernet port, through the DCC of the STMl. or through the IP. 



In principle aU the traffic could be handled by a single router, but this is likely to be 
5 unacceptable in practice for avaUability reasons, 



There will preferably be at least two routers to aUow for catastrophic failure. However even 
witii two it will be necessary to have a ve^ high level of redundancy wid, alternative routing 
for the transmission to these routers. With four routers ther« is a good level of built-in 
10 network redundancy, without the cost being too high. Each should preferably be dimensioned 
such that any two could handle the normal peak traffic loads of the entire network. 

For maximum availability suitably diversely routed transmission should be arranged to the 
routers with each router on an independent site. 

15 

The basic architecture would work with any of the following combinations: 

Two routers comiected over two diverse routes and using transmission protection; three routers 
over two diverse routes usmg transmission protection or three routers with three diverse routes 
20 without transmission protection. Four routers over two diverse routes without using 
transmission protection; four routers over two diverse routes usmg transmission protection and 
six rout«rs connected via two to three diverse routes without transmission protection. 
Obviously the numbers above could be varied by the skilled worker depending on the 
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requirements concerning resilience to failure and cost 



Each adapter would need at least one IP address for routing traffic across the networic. Each 
adapter may have additional addresses for other pmposes. 

5 

The arrangement described above, using IP, can bring benefits in the form of transmission 
saving, a dynamic network, data simplification and switch port saving. 

Transmission saving results from the use of large units (e.g STMl rather than 2Mbit/s such as 
10 VC12) which only has to be routed to a far-end adapter via one of the central nodes (e.g. ATM 
cross-connect or IP router). In many cases these large transmission units may be part empty 
thus allowing lower priority data services to be carried. This result in a much more efficient 
use of transmission than in traditional, directly- connected networks. 

15 By dynamic network is meant that traffic pattens can change on a rapid (e.g. minute-by . 
minute) basis without the need for complex load balancing or for guessing firture traffic loads 
on particular routes. This renders the network efficient and easy to manage. 

Data simplification results from being able to use the same routing and network data in all 
20 exchanges. This data is also simpler, reflecting the simpler structure of the PTO network. 

The number of switeh ports required in exchanges can be reduced due to the removal of the 
physical mesh interconnection. 



06-n-98 10:29 01245 275469 

93 11/06 FRI 10:30 FAX 01^^ ^tf|^9 



P.2Z 



'R-956 Job-203 



GEC PATENT DEPT 



@022 



18 



P/61683a.GBA 
CLAIMS 

1. A telecommunications system comprising one or more nodes and a plurality of 
telephone exchanges wherein two or more of the telephone exchanges are arranged 
to commimicate with each other via the one or more nodes. 



The telecommunications system of Oaim 1 wherein 
more nodes is in the form of packets. 



communication via the one or 



3. The telecommunications system of Claim 2 wherein the 



routers. 



one or more nodes comprise 



7. 



8. 



The telecommunications system of Qaim 3 wherein communication via the one or 
more routers uses internet protocol (IP). 

The telecormnunications system of any one of the above claims, wherein at least 
some of the telephone exchanges arranged to communicate with each other via the 
one or more nodes are trunk exchanges. 

The telecommunications system of any one of the above claims, wherein at least 
some of the telephone exchanges arranged to communicate widi each other via the 
one or more nodes are local exchanges. 

The telecommunications system of any one of the above claims being arranged to 
handle telephone calls wherein all call handling in the system takes place outside of 
the one or more nodes. 

The telecommunications system of Claim 5 wherein each of the trunk exchanges has 
a direct link to each of the one or more nodes. 

The telecommunications system of Claim 6 as dependant from Claim 5 wherein 
communication between the local exchanges and the trunk exchaiiges uses ATM. 



) 
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The telephone system of any above claim wherein each of Ae two or more telephone 
exchanges comprise routing data relating to communication with all other exchanges 
in the telecommunications system and wherein the routing data is partially or whoUy 



enabled. 



11. The telecommunications system of Claim 10 wherein only that part of the routing 
data in a particular exchange relating to communication between that exchange and 
other exchanges with which that exchange is arranged to communicate via the one 
or more nodes is enabled. 



12. 



The telecommunications system of any of Claims 1 to 11 comprising means for 
carrying voice traffic as ATM Adaptation Layer 1 ( AALl ) or ATM Adaptation 
Layer 2 ( AAL2). 



13. Thetelecommunicationssystemof any oneofClaims 1 to 11 comprising means for 
carrying voice traffic as voice over IP (VoIP). 



14. 



a means 



An adapter for providing the telephone exchanges of any above claim with 
of inter-communication of traffic via the one or more nodes wherein the adapter 
comprises means for converting the traffic between packetised and non-packetised 
form. 



15. The adapter of Claim 14 comprising means for providing interworldng between 
synchronous transfer mode (STM) and IP domains. 



1 6. The adapter of any one of Claims 14 or 1 5 
modem traffic- 



comprising means for detection of 



17. The adapter of Claim 16 comprises means for converting a detected modem signal 
to baseband data for packetisation into IP. 



1 8. The adapter of Claim 14 is which the traffic to be packeties, 



ed comprises PSTN 
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circuits and the adapter is arranged to only packeiise active PSTN 



circuits. 



19. The adapter of Claim 18 arranged to communicate information on which PSTN 
circuits are not packetised using spare capacity within an IP logical : 



route. 



20. The adapter of any one of Oaims 14 



voice traffic. 



to 19 comprising means for compression of 



21. 



22. 



A telecommunications system substantiaUy as described with reference to and as 
illustrated in figures 2 and 6 of the drawings. 

A telecommunications systems substantially as described with reference to and as 
illustrated in figure 3 of the drawings 



23. A telecommunications system substantially as described with reference to and as 
iUustrated in figure 5 of the drawings. 

24. An adapter substantially as described with reference to and a., illustrated in figures 
7 and 8 of the drawings. 
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ABSTRACT 

A telecommunication, system comprising one or more cross -connects and a plurality of 
telephone exchanges wherein two or more of the telephone exchanges are arranged to 
communicate with each other via the one or more routers and an adapter for providing the 
telephone exchanges with a mean, of inter-communication via the one or ™ore routers 
wherem the adapter converts traffic between packeti^ed and non-packetised form 
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